The objective of the p r o g r a m i s ' t o determine the effect of v a r iations of aluminum content, heat t r e a t m e n t and basic slip mechanism upon the room t e m p e r a t u r e ductility of Fe-A1 alloys. above 1 0 % aluminum a r e c h a r a c t e r i z e d by a n o r d e r -d i s o r d e r t r a n s f o r m ation, heat t r e a t m e n t will provide the opportunity to study the effects of d i s o r d e r , varying d e g r e e s of o r d e r , and incipient o r d e r upon the plastic flow mechanism. W i t h a fundamental understanding of the deformation and f r a c t u r e behavior of these alloys, it should then be possible to devise means t o effect significan?improvements in t h e i r room t e m p e r a t u r e ductilities by a combination of heat t r e a t m e n t and minor alloying additions.
Since alloys containing
It is e s t i m a t e d that approximately 35 p e r c e n t of the proposed r e s e a r c h has been completed over the f i r s t four and one-half months of the contract period.
Resistivity Measurements

'i
It was planned to ,deter@ipe!, , ;.$i r e s i s t i v i t y vs. t e m p e r a t u r e c u r v e s f o r both 16-Alfenol and +herm$riol (1<.;86 Al, 3.29 Mo, Bal. F e ) during this r e p o r t period, but because of equibmen,t difficulties i t was only possible to obtain the Thermenol curves
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c h a r a c t e r i z e d by a broad hump. denum upon the r e s i s t i v i t y c u r v e will have to be d e f e r r e d until the resistivity data f o r the 16-Alfenol become available. It is apparent, however, that the shape of the r e s i s t i v i t y c u r v e i s being influenced considerably by the addition of molybdenum.
The interpretation of the effect of molyb-
Tensile Data
The preceding r e p o r t mentioned the r e c e n t availability of two
McQueen and Kuc zynski established the constitution diagram of publications* concerning the o r d e r -d i s o r d e r t r a n s f o r m a t i o n s i n Fe-A1 alloys, i r o n -r i c h Fe-A1 alloys by dilatometry experiments, p o r t a n c e to the p r e s e n t study was the f a c t that they found that FeAl o r d e r is maintained o v e r a considerable t e m p e r a t u r e range above 500°C. i n alloys containing as little as 1 2 , 5 wt. p e r c e n t aluminum., Both of the mentioned publications r e p o r t e d i s o t h e r m a l c u r v e s , obtained by e l e c t r i c a l r e s i s t i v i t y m e a s u r e m e n t s , defining the kinetics of the t r a n s f o r m a t i o n of d i s o r d e r e d m a t e r i a l into the Fe3 A1 s t r u c t u r e at holding-temperatures b elow 500°C. In s o m e r e s p e c t s the data of these s e p a r a t e investigators do not a g r e e , p e r h a p s because of different d e g r e e s of purity of m a t e r i a l and slightly divergent experimental techniques, It was decided, in view of the availability of this new information, to p e r f o r m heat t r e a t m e n t s on t e n s i l e specimens f o r the purpose of introducing controlled d e g r e e s of o r d e r and a s c e r t a i n i n g the resulting effects on the mechanical p r o p e r t i e s . I n t e r e s t is at p r e s e n t c e n t e r e d on inducing a controlled d e g r e e of incipient o r d e r i n the m a t e r i a l , since e a r l y experiments indicate that this condition m a y be promising.
Of p a r t i c u l a r i m - Table I summarizes some of the tensile properties of heat t r e a t e d 13.9 -Alfenol using the i s o t h e r m a l annealing c u r v e f o r 275 O C published b y V. E. Rode.
tions w e r e noted f o r holding t i m e s of 2, 4, and 8 hours. The t i m e n e c e ss a r y to r e a c h a final equilibrium condition of o r d e r at 275OC. is exceedingly long to be of any p r a c t i c a l value, t e m p e r a t u r e , p e r h a p s 3OO0C, and s h o r t e r holding t i m e s f o r future exp e r i m entation. Table I contains tensile data f o r 0.014" thick 13.9 Alfenol, using the recommended NOL heat t r e a t m e n t and the DRI incipient o r d e r heat treatment. The NOL r e p o r t e d elongation data is m o r e favorable, but the DRI t r e a t m e n t produces an ultimate tensile s t r e n g t h of approximately twice the r e p o r t e d NOL value. Since t e n s i l e elongation is affected by specimen configuration, the s m a l l diff e r e n c e in elongation obtained with specimen n u m b e r s 42A, B, C and the NOL value is not surprising. The l a r g e r tensile s t r e n g t h obtained with the DRI heat t r e a t m e n t is significant and s e e m s to indicate a diff e r e n c e in s t r u c t u r e between the two heat treatments.
Difficulty has been experienced with the p r e s e n t tensile s p e c im e n design in breakage outside the gage marks., thereby casting s o m e doubt upon the elongation obtained. To m i n i m i z e this difficulty i t was decided to reduce the middle section by milling a total of 0.003", using a c u t t e r with a radius of t h r e e inches, A comparison of the specimens with reduced section was m a d e with the s t a n d a r d s p e c i m e n s , both having a n identical heat treatment. The r e s u l t s a r e given in Table 11 . is apparent that reducing the midsection of the tensile specimen does not a l t e r the tensile p r o p e r t i e s , but does promote m o r e uniform b r e a ka g e of the specimens. Table 111 s u m m a r i z e s the tensile p r o p e r t i e s of 1 3 -9 Alfenol obtained with various slow cooling r a t e heat t r e a t m e n t s (3O0C/hour), using the r e s i s t i v i t y vs. t e m p e r a t u r e c u r v e as a guide. No g r e a t diff e r e n c e s i n elongation w e r e noted. difficult to reproduce the higher values of nine p e r c e n t elongation r ep o r t e d i n a previous report. Some of this difficulty m a y be attributed to the kinetics of the transformation at the higher t e m p e r a t u r e s . W i t h high a t o m i c mobility n e a r the c r i t i c a l o r d e r -d i s o r d e r t e m p e r a t u r e range it i s possible that sensitivity is such as to m a k e it e x t r e m e l y difficult to quench i n the optimum s t r u c t u r e at the p r o p e r moment. F o r this r e a s o n it is f e l t that i s o t h e r m a l annealing at a lower t e m p e ra t u r e will provide a g r e a t e r latitude of control.,
It
The significant f a c t i s that it is
Tensile studies at elevated t e m p e r a t u r e s have been initiated during this period. considerable amount of ductility at t e m p e r a t u r e s as low as 300°C.
Other t e m p e r a t u r e s will be investigated and those exhibiting good ductilities will be subjected to analyses f o r detection of any differences i n deformation mechanics, Specimen 47A (Table 111) indicates that t h e r e is a P a g e 3
F u t u r e Considerations
During the next r e p o r t period, emphasis will be placed upon completion of the resistivity c u r v e f o r 16-Alfenol, i s o t h e r m a l annealing of 1 3 . 9 Alfenol at lower t e m p e r a t u r e s , i, e . , 300"C., high t e m p e r a t u r e tensile studies, and x -r a y correlation studies of FeAl and Fe3Al type of o r d e r .
Respectfully submitted, F r a n k C. P e r k i n s R e s e a r c h Metallurgist 9 3 * Jos&h F. Nachman P r o j e c t Sup e r vi s o r 
